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nterest in the social consequences of illness has broadened in the past decade as epidemiologists have joined health economists and health services researchers to devise methods that rationalize the allocation of health care resources. 1, 2 Research showing that untreated and undertreated health problems exact substantial personal costs from the individuals who experience them as well as from their families, employers, and communities has been a central part of this work. 3, 4 Among the most important of these results have been those concerning the workplace costs of illness from the perspective of the employer. 5, 6 These costs have enormous implications for the economy. For example, a recent analysis estimated that depression causes an annual loss of $33 billion in work absenteeism in the U.S. 7 Given the low rate of depression treatment 8 and the fact that treatment substantially improves role functioning among people with depression, 9, 10 such data suggest that it might be costeffective for employers to increase the proportion of depressed workers who receive treatment. 11 Similar arguments have been made for a number of other illnesses, [12] [13] [14] the notion being that targeted expansion of employee health care benefits, including an outreach component, can represent an investment opportunity for employers.
Only a small minority of employers has as yet been convinced of the business case for targeted investment in employee health care. This is partly a result of the absence of data to evaluate the indirect costs of un-treated and under-treated health problems in the workplace. Employers who have access to integrated databases on medical expenditures, pharmacy expenditures, workplace injuries, and disability can go part way to resolve this problem, as such databases can be used to evaluate the effects of changes in health plan benefits over time on a number of important employer costs. 15 However, even completely integrated databases typically lack two critical types of information that are needed to make a strong business case for expanded investment in employee health care. First, few companies have accurate individual-level job performance data for most of their employees. Even basic data on sickness absence are generally available only for blue-collar and pink-collar workers, but not for white-collar workers, whereas data on job performance are usually either nonexistent, superficial, or very difficult to obtain in machine-readable form. Second, medical data, when available, typically focus on treated health problems. No information is generally available on untreated health problems other than in companies that perform routine physical examinations on all their employees and link these data with information about job performance. In the absence of such linked data files, it is impossible either to estimate the number of workers with unmet need for treatment or the effects of untreated health problems on work performance.
Recognizing the need for such data, a number of health services researchers have developed selfreport measurement tools to collect data in employee surveys on untreated health problems and work performance. Although inferior to objective performance-based measures, self-report work performance measures can be extremely useful when objective measures are unavailable. This is especially true when the self-report measures are calibrated against objective measures in such a way that scores on the self-report measures can be meaningfully interpreted.
Lynch and Riedel 16 recently reviewed the most widely used work performance measures in the literature. Their review showed that these measures generally have good internal consistency reliability and good face validity, but have not been compared to objective data on work performance either to demonstrate their validity or to generate calibration rules. The current report presents data of this sort for one such selfreport work performance measure, the World Health Organization's (WHO) Health and Work Performance Questionnaire (HPQ). Data are presented from four HPQ calibration surveys, each carried out in a separate corporation and focused on a single type of worker for whom archival data were available either on sickness absence, work performance, or both. The four samples include reservation agents working for a major airline, customer service representatives working for a large telecommunications company, executives working for a major automobile manufacturer, and railroad engineers working for a large railroad company. Data are presented on the relationships of individual-level HPQ job performance measures with archival measures used by the companies to monitor worker performance. Data are also presented on comparisons between individuallevel HPQ absenteeism data and employer payroll records. The paper closes with a brief discussion of calibration methodology and future directions in substantive research based on the HPQ.
Development of the HPQ

Background
The HPQ was developed as an expansion of the work role module in the WHO Disability Assessment Schedule (WHO-DAS). 17 The WHO-DAS is a self-report measure of role functioning that was created by WHO for use in community surveys as well as in intervention studies aimed at reducing the role impairments associated with untreated or under-treated health problems. The full WHO-DAS includes scales of role functioning in each of the core domains of the newly revised International Classification of Functioning, 18 whereas the HPQ focuses exclusively on the work role domain.
HPQ development began with a review of other existing scales, followed by pilot interviews, development of preliminary questions, systematic evaluation and refinement of these questions by experts in survey question wording using the methods described by Converse and Presser, 19 and additional pilot testing with cognitive debriefing interviews aimed at detecting and removing ambiguities in question wording. 20 Full-scale pilot surveys were then carried out in three managed care samples and one large corporation sample in order to study the psychometric properties of the scales and to examine the effects of various chronic conditions on HPQ measures of work performance. 21 The final HPQ, based on all these earlier studies, was then administered to the four calibration samples described in the current report.
The complete text of the HPQ is posted at: http://www.hcp.med.harvard.edu/hpq. Benchmark survey scores, information on using the HPQ, and updates of ongoing HPQ evaluations will be posted on this site as they become available.
Work Performance
Three outcomes are traditionally measured in studies conducted by organizational researchers on the effects of various workplace productivity enhancement interventions: absenteeism, work performance, and job-related accidents. 22 We decided to measure all three of these outcomes in the HPQ. Work performance is obviously the most difficult of these three to assess. Indeed, the decision to develop the HPQ was based largely on our failure to find an existing self-report measure of work performance that met our needs.
The ideal way to assess work performance, of course, would be by means of objective performancebased assessment rather than selfreport. Many employers have developed assessments of this sort for at least some of their workers. 23, 24 However, these systems vary enormously in coverage as well as in sophistication, making them impossible to use in broad-based studies of health and work performance. Another possibility is to use special performance-based tests, many of which have been developed in conjunction with the Department of Labor Occupational Information Network (O*NET) system of job classification. 25 However, these tests assess ability rather than actual performance on the job, making it impossible to evaluate under-performance by workers with high native ability who fail to perform up to their ability on the job. 26 Based on these considerations, we concluded that self-report measures are the most feasible tools for our purposes.
A comprehensive review of the literature found a number of useful self-report measures of work performance. [27] [28] [29] The most compelling of these, however, focused on single occupations and included questions that were tailored to the unique demands of those occupations. 30 -32 The measure we needed, in comparison, had to be appropriate across the full range of the occupational spectrum. While we found scales of this sort in our review, they all suffered from one of three serious problems: unequal relevance across the full range of the occupational spectrum; incomplete coverage of important performance domains; or lack of translation rules to link domainspecific performance measures with an overall assessment of work performance. These problems are briefly reviewed in the next four paragraphs.
The problem of unequal relevance stems from the difficulty of developing concrete self-report work performance questions that are equally relevant to workers across the full range of the occupational spectrum. A number of work performance scales can be faulted along these lines. The Work Productivity Scale, 33 for example, includes questions about putting off business phone calls and failing to attend business meetings, whereas the Stanford Presenteeism Scale 34 includes questions about being cranky with work subordinates and failing to find new-creative solutions to work problems. These questions are much more relevant to white-collar workers than to bluecollar or pink-collar workers, introducing a bias into these scales that can lead to an overestimation of the prevalence of impaired work performance among white-collar workers compared to other workers. This bias, in turn, can lead to biased results suggesting that health problems have greater effects on white-collar workers than on other workers and that the health problems most relevant to the performance of whitecollar workers have greater adverse effects on work functioning than the health problems most relevant to the performance of other workers.
Other measures of work performance have been designed explicitly to overcome the problem of equal relevance across the occupational spectrum 35, 36 by including brief assessments of health-related impairments in each of a wide number of basic domains of role performance (eg, mobility, vision and hearing, fine motor coordination, concentration, communication). The hope is that this heterogeneous coverage will tap the main job demands of workers in all occupations. However, no systematic attempt is made in these scales to assess all the important domains of work performance that need to be covered. As a result, although these scales cover a number of domains, there is no reason to believe that the coverage is either comprehensive or comparable across all occupations. The depth of this problem can be seen by examining the Dictionary of Occupational Titles (DOT), 37 a document prepared by the Department of Labor (DOL) to describe the skill sets needed in the over 22,000 occupations in the U.S. labor force. Systematic observation of day-to-day work performance in each of these occupations by DOL employees documented over 50 different work performance domains. No existing work performance scale either assesses all these domains or attempts systematically to sample across these domains.
This problem could be overcome if a small number of global work performance domains was isolated empirically. An early psychometric analysis designed to search for such global domains in the DOT yielded promising results. 38 More current work along the same lines might evolve from DOL's new on-line O*NET system of job classification (www.onetcenter.org). Indeed, one goal of the O*NET system is to assemble a set of objective performance-based tests that will cover all the many different dimensions of work performance in the O*NET classification. Self-report measures already exist for some of the O*NET dimensions. 39, 40 It is conceivable that self-report measures of the other O*NET dimensions could be developed. However, a comprehensive set of such scales, if they were ever developed, would likely take hours or even days to administer.
Furthermore, even assuming that comprehensive O*NET scales could be developed and used, a final problem would remain: that no rules exist to combine the separate domain scores into an overall measure of work performance that is valid across all occupations. Such combination rules would, at a minimum, require different weights to be applied across domains for different occupations. Health-related difficulties in the domain of unskilled manual labor (eg, digging, lifting, carrying), for example, are presumably much more impairing to a manual laborer than to a lawyer. This difference would have to be taken into account in combining domain performance scores into an overall work performance score that applies equally well to laborers, lawyers, and to workers in all the thousands of other occupations in the labor force. In addition, the correct combination rules are likely to be quite complex, involving different domain weights, nonlinearities, and nonadditivities for particular occupations or classes of occupations. It might be possible to develop such rules by analyzing extremely large databases containing the appropriate variables. However, in the absence of such databases and such rules, neither of which currently exists, it is unclear how one could arrive at a principled basis for combining domain-specific work performance scores into a valid overall assessment of work performance.
Based on these considerations about the current intractability of the above problems, we decided to use a simple self-report global rating scale to assess work performance in the HPQ. In this approach, respondents are asked to rate their overall work performance during the past four weeks on a 0-to-10 self-anchoring scale in which 0 is defined as the "worst possible work performance" a person could have on this job and 10 is defined as "top work performance" on this job. Our reasoning in selecting this simple approach was that workers are in a better position than researchers to recognize the work performance domains that are most relevant to their particular occupations, to evaluate their recent performance in these domains, and to arrive at a rating of their overall work performance based on this evaluation.
At the same time, we know from the methodological literature that responses to 0-to-10 global rating scales can be improved by two refinements, both of which we used in the HPQ: decomposition 41 and internal anchoring. 20 Decomposition is one of several strategies that have been developed by survey methodologists to facilitate active memory search in response to complex survey questions. Research on the cognitive processes used to arrive at accurate answers to complex survey questions shows that active memory search and review of component experiences substantially improve response accuracy. 42 This same research shows, though, that many respondents give superficial answers based on general semantic memories or other response heuristics because they are unwilling to engage in serious memory search. 43 Decomposition addresses this problem by asking preliminary component questions that force respondents to engage in active memory search before being asked the complex question.
Decomposition is used in the HPQ by asking respondents a series of questions that require them to review critical aspects of their work performance before assigning themselves a rating on the global 0-to-10 scale. Specifically, we ask component questions about quantity of work (how often during the recall period: the respondent's speed/productivity of work was lower than expected, the respondent did no work at times he/she was expected to be working), quality of work (how often during the recall period: the respondent did not work as carefully as he/she should, his/her work quality was lower than expected, he/she was daydreaming and not concentrating on work), interpersonal aspects of work (how often during the recall period: the respondent had trouble getting along with others at work, had difficulty controlling his/her emotions at work, and avoided interacting with others at work), special work successes, special work failures, and accidents-injuries. All of these questions were explicitly designed to be sufficiently general that they apply to all occupations, but sufficiently focused that they facilitate relevant memory search and review. The global 0-to-10 scale is administered only after these memory-priming decomposition questions are asked.
Internal anchoring is an especially important strategy to improve the accuracy of responses to questions that use self-anchoring response scales. The issue here is that most self-anchoring scales define only the ends of the distribution (eg, 0 defines the "worst possible performance" whereas 10 defines the "best possible performance"), but not intermediate values, while the vast majority of respondents rate themselves as having values between these extremes and have no guidelines for selecting among intermediate values.
Schwarz 44 has shown that this problem can be addressed by rescaling 0-to-10 scales to range from Ϫ5 to ϩ 5 with a clear 0 point in the middle. This rescaling substantially improves the accuracy of response to self-anchoring scales in the middle part of the scale distribution by highlighting the midpoint. The difficulty with this approach in the case of rating work performance, however, is that we have no reason to believe that the performance of the average worker is at a level halfway between the theoretical extremes of worst and best performance. Indeed, our pilot research found that most workers report average performance in their occupation to be substantially above the midpoint of this range. Based on this evidence, we designed the HPQ rating so that respondents could generate their own internal anchors before responding. This is done by asking each respondent to give separate ratings for the average worker on their job and for their own usual performance before rating their recent performance. In addition to providing internal anchors, these additional rating questions provide information that allows us to calculate ipsative scores of recent performance in comparison to usual performance and in comparison to the performance of other workers. In order to obtain multiple indicators for self-other comparisons, the HPQ also includes a separate question that asks respondents explicitly to compare their own recent performance with that of the average worker on the same job using a standard sevenpoint better-worse unfolding scale (ie, better, worse, or about the same and, if either better or worse, a threecategory rating of personal performance as either a lot, some, or only a little better/worse than the average worker).
Absenteeism
Most health and work performance instruments assess absenteeism with a single question about the number of days in the past month (or other recall period) the respondent missed a day of work because of illness. Previous research has shown good agreement between these selfreports and employer records of absenteeism. 45 However, the results of cognitive interviews led us to use a more detailed set of questions about absenteeism in the HPQ. Four refinements were involved. First, we decided to focus on hours rather than on days of work during the past four weeks based on the fact that workers differ substantially in the number of hours they work as well as in whether they work the same number of hours each day. Second, in addition to asking about hours missed on sickness absence days, we ask about hours missed on workdays (ie, coming in late or going home early) due to the fact that a substantial proportion of missed work time occurs on days when people come to work. Third, we ask about extra hours of work (ie, coming in early, going home late, working on days off) because of the fact that many workers put in extra hours to make up for sickness absence. Fourth, although we distinguish between sickness absence and other types of absence (eg, vacation, absence due to a family emergency etc.), we also create a combined measure of total hours absent because workers who have used up their allotted sick days often use accrued personal days or vacation days when they are too ill to come to work. In addition, many employers consolidate the number of paid absence days they allow their workers to take into a single category that combines vacation and personal days and sickness absence days, making the distinction among these categories artificial.
The question sequence in the HPQ absenteeism series makes use of the same decomposition strategy described above in the discussion of the work performance measure. Specifically, the series begins by asking separately about number of days missed in the past four weeks for vacation and sickness absence, followed by number of partial workdays, and about days of extra hours worked. The aim is to focus memory search by simplifying the task of calculating total lost work hours in response to a single question. It is noteworthy that the decomposition questions ask about days rather than hours, even though hours are the unit of ultimate interest, because cognitive interviews show that the vast majority of working people reconstruct work schedules more naturally in terms of days than hours. At the end of this sequence, we ask about overall hours worked. It is noteworthy that we ask about hours worked rather than hours missed because cognitive interviews show that most workers think more naturally in terms of the former than the latter. A final question is asked about the number of hours each week the respondent is normally expected to work in order to have a denominator for calculating a percentage measure of work loss.
Job-Related Accidents
Although job-related accidents are uncommon, they are important because of their potential high cost. We explored a number of options for asking fully structured questions about accidents. In the end, though, the rarity and great variety of accidents led us to include a single openended question about job-related accidents-injuries in the final HPQ.
This question is worded in such a way that respondents are explicitly asked to include incidents that led either to 1) breakage or other loss of property; 2) delays in production or other decreases in work performance of the respondents or other workers; 3) physical injury of the respondent or others; and 4) serious risk of loss, delay, or injury. The textual responses to these questions are converted into general anonymous vignettes and presented to supervisors for scoring in terms of their monetary cost to the company. Open-ended reports are also obtained for responses to questions about special successes (eg, making a big sale, getting a bonus or a promotion, being selected as the employee of the month) and special failures (eg, failing to meet a production quota, reprimand from a supervisor, failing to get an expected bonus or promotion). As with accidents-injuries, special successes and failures, although comparatively uncommon, are very important components of the overall indirect costs of illness and the costsavings associated with treatment. As with accidents, open-ended responses to the questions about successes and failures are converted into general anonymous vignettes and presented to supervisors to obtain estimates of the costs to employers of failures and the values of successes.
The HPQ Calibration Survey
Samples
Calibration surveys were performed in four occupations to compare HPQ work performance and absenteeism measures with archival data obtained from employer records. No attempt was made to validate the HPQ question about accidents-injuries because of the rarity of these events. The four occupations were reservation agents working for a major airline, customer service representatives working for a large telecommunications company, executives working for a major automobile manufacturer, and railroad engineers working for a large railroad company. Names, home addresses, and home telephone numbers were obtained for initial samples of between 1131 and 1491 workers in each occupation. An advance letter (or, in the case of the executives, an e-mail) was sent to each predesignated respondent by the medical director of their company. The letter informed recipients that the company was collaborating with researchers from Harvard Medical School (HMS) in a survey of employee health and work performance. The letter went on to say that an HMS telephone interviewer would contact them in the next week to carry out a telephone interview. The letter made it clear that participation was completely voluntary and anonymous. An 800 number to the HMS study manager was included in the letter for recipients who had questions or who wanted to opt out of the survey. A prestamped and pre-addressed return postcard was included in the mailing for recipients who wanted either to report good times to be reached or to opt out by mail. Professional telephone interviewers made 20 attempts to contact each of those who did not initially opt out. Verbal informed consent was obtained before administering the survey. These recruitment and consent procedures were approved by the Human subjects Committee of Harvard Medical School.
As shown in Table 1 , the telephone lists had substantial proportions of invalid numbers (15.0 -37.6% across samples) and high proportions of answering machines (10.3-27.8% across samples). The refusal rate (including initial optouts) was in the range 8.2-16.8% across samples, while the cooperation rate (the percent of completed interviews among people who were contacted) was in the range 64.0 to 85.6% across samples. Calibration interviews were completed with 441 reservation agents, 505 customer service representatives, 554 executives, and 850 railroad engineers. The demographic distribution of the samples is presented in Table 2 . Reservation agents were largely women, while executives and railroad engineers were largely men. The modal age range of reservation agents and customer service representatives was 30 to 44, whereas executives and railroad engineers were generally older (the mode being in the age range 45 to 59). Railroad engineers had the lowest education (50.6% had no more than a high school education), while executives had the highest educations (98.7% were college graduates).
Once the calibration survey was completed, probability subsamples of 105 reservation agents and 181 customer service representatives who participated in the calibration survey were recruited into a 1-week follow-up Experience Sample Method (ESM) evaluation 46 of moment-to-moment work experience. The ESM design involved giving participants a beeper and an ESM diary to keep with them at all times during the seven-day study week. The beeper was programmed by an auto-dialer to be called at five random times each day, with randomization beginning at the start of the workday (or, on regularly scheduled days off work, 1 hour after the respondent reported typically awakening) and ending two hours before the respondent reported typically going to bed on that day of the week. A constraint was imposed on the randomization that no call could be made less than 90 minutes after the preceding call. The respondent was asked to fill out the diary as soon as the beeper went off. The diary asked structured questions about whether the respondent was at work and, if so, about quantity and quality of work at the moment-in-time when the beeper went off. The last entry of each day asked additional questions about the day overall. A separate diary book was provided for each of the seven days. Respondents were asked to mail back each day's completed book the following morning in a pre-stamped, pre-addressed mailer 
1 Invalid numbers are defined as disconnected numbers with no forwarding number, incorrect numbers (e.g. businesses, fax machines, respondent unknown), Good numbers to respondents who report that they are no longer working for the company, and no contact after 20 call attempts. 2 Cooperation rate is defined as completed interviews divided by completed interviews plus refusals.
in order to avoid the problem of retrospective completion that sometimes occurs when diaries are sent back only at the end of the study. 47 Reminder phone calls from data collection staff were made on the evening of the first, third, and fifth diary days to encourage respondents to stick with the task. With 35 possible diary entries for each respondent (5 per day ϫ 7 days), there were 3675 (105 ϫ 35) logically possible completed ESM diary entries for the reservation agents and 6335 (181 ϫ 35) for the customer service representatives. The response rates for the entries in the two samples were, respectively, 61.3% (n ϭ 2253) and 68.7% (n ϭ 4353). Among reservation agents, 44.8% of valid entries were made while the respondent was at work (n ϭ 1010) and 80.8% of the latter were made while the respondent was working as opposed to on break or at lunch (n ϭ 816). Among customer service representatives, 56.3% of valid entries were made while the respondent was at work (n ϭ 2450) and 78.5% of the latter were made while the respondent was working (n ϭ 1926). A 1-week version of the HPQ work performance and absenteeism questions was administered as part of the debriefing telephone interview that was administered the day after the end of the diary week. This allowed us to calibrate HPQ ratings against aggregated ESM reports in an effort to evaluate the effects of recall bias on HPQ reports. The debriefing interviews were completed with 91 of the 105 reservation agents (86.7%) and 172 of the 181 customer service representatives (95.0%).
The Archival Work Performance Measures
The four samples considered here were selected because the performance of the workers in these occupations is evaluated using standardized assessments. Customer service representatives and airline reservation agents receive monthly supervisor performance ratings based on a combined score for quantity of work (number of cases resolved, number of tickets sold) and quality of work (based on supervisor review and coding of audio-taped customer interactions). The executives all have 360-peer evaluations of overall leadership based on the Campbell Leadership Index. 48 The railroad engineers receive performance ratings for each trip they make that combines information about speed tracking (ie, arriving at benchmark points on the route as close as possible to target times), brake wear, fuel efficiency, and a number of other safety and efficiency indicators. In addition, the two ESM samples generated moment-in-time data on work performance that avoid the recall bias inherent in more conventional selfreport measures. As a result, these measures were treated as additional outcomes in the calibration analysis. This was done by combining ESM ratings into a scale with four items derived from exploratory factor analysis of moment-in-time performance reports (speed of work, quality of work, concentration on work, and perceived success at current work task), each of which was rated on a 1 to 7 self-anchoring scale of either "low" to "high" quality and speed or "not at all" to "very much" concentrating and succeeding. The Cronbach's alpha for this scale was 0.74 for the reservation agents and 0.81 for the customer service representatives.
We were required by our Institutional Review Board (IRB) to obtain informed consent from respondents before we could access their performance records. This consent was obtained in conjunction with the baseline telephone HPQ interviews. As a The reservation agent data were the most precise with regard to time in that they were based on supervisor ratings for the month prior to the HPQ survey. The executive data, in comparison, were based on peer evaluations made at the end of a leadership-training program that respondents participated in for one week at variable times up to two years before the survey. The ratings for railroad engineer were the least precise with regard to time in that they were aggregated at the end of each trip into a summary score that represented the engineer's cumulative performance over many years. It was impossible to recover disaggregated summary ratings from this file. However, we were able to obtain information about serious engineer performance problems in the month before the interview from a separate performance action file. As a result, we focused on this measure in the evaluation of the HPQ among railroad engineers. The EMS ratings, finally, were evaluated for the 816 moments-in-time when the 91 reservation agents who completed the post-ESM debriefing interview were at work and working (ie, not on break or at lunch) and for the 1926 moments-in-time when the 172 customer service representatives who completed the post-ESM debriefing interview were at work and working. Four of the five outcome work performance measures, the exception being the dichotomous railroad engineer performance action measure, were transformed to 0 -100 scales from their original metrics. These transformations were then used to divide workers into top performers, low performers, and average performers. The decision to make this three-part division was based on the results of focus groups with managers, who reported that they use work performance measures largely to target high performers for reward and low performers for remediation and that they generally do not make distinctions within the middle part of the range. Top performance was defined as the top 20th percentile of the range of each objective performance measure, while low performance was defined as the bottom twenty percentile of each objective performance measure. As shown in Table 3 , all the outcome performance measures were refined enough at both tails of the distribution to make distinctions very near these target proportions. It is also noteworthy that the ESM performance measures have a wider range than the archival measures, suggesting that there is some subjective truncation of supervisor ratings. This is especially clear in the case of the supervisor ratings of reservation agents, where the lowest score is 79 on the 0-to-100 scale. The empirical distribution of the ESM scale for these same workers, in comparison, spans the entire scale range, showing that the workers themselves make more subtle distinctions about their work performance than do supervisors.
This observation raises the question as to how objective the archival data are. Although these data are treated as objective for purposes of calibrating the HPQ, we are aware that the archival data, especially those based on supervisor ratings (in the case of the reservation agents and customer service representatives) and peer ratings (in the case of the executives) are not without error. However, these measures are the actual measures used by employers to monitor the performance of workers and are, in this sense, "real" in an operational sense. Yet we would not expect perfect consistency between HPQ measures and these archival measures because we recognize that the latter are imperfect. Indeed, the HPQ ratings might be more accurate than the archival data in some respects. However, it is nonetheless important for us to demonstrate that the HPQ ratings are meaningfully related to the archival measures to assure that the HPQ is tapping the same aspects of workplace performance as those measured by the work performance measures actually used by employers.
The Payroll Record Measures of Absenteeism
Payroll record measures of absenteeism were available for three of the four occupations, the exception being executives. In the case of reservation agents, data were obtained on hours scheduled and payroll record data were obtained on hours actually worked each day during the 4 weeks leading up to the HPQ interview. These data were aggregated into summary measures of hours worked and hours missed in the 1 week and 4 weeks before the interview. In the case of railroad engineers, who have an erratic work schedule, data were available on the days they were scheduled to work when they either called in sick or were absent for some other reason. These records were aggregated into summary measures of days of work missed in the one week and four weeks before the interview. In addition, the ESM data for the reservation agents and customer services representatives were also used to derive indirect measures of work absence. This was possible because one of the first questions asked in these diaries was whether the respondent was at work, at home, in transit between work and home, or elsewhere at the time of the beep. Because of the fact that the ESM data points were sampled at random moments-in-time throughout the week, these reports should provide representative data of the proportion of time respondents were at work over the week. Therefore, momentto-moment reports of whether or not the respondent was at work at the time of a random beep were compared with HPQ reports about hours worked and days of work missed to provide an indirect validation of the HPQ reports.
As with the archival work performance measures, we recognize that employer payroll records can be imprecise because of workers or supervisors making erroneous reports about time spent at work. However, for the occupations considered here payroll records are likely to have a high degree of accuracy.
Analysis Methods: Work Performance
Calibration of the HPQ 0-to-10 global work performance rating scale against the archival measures and ESM measures of high and low work performance was carried out using logistic regression analysis in which dichotomous measures of either high or low performance based on either the archival measures or the ESM measures were the outcome variables and dummy variables defining ranges on the HPQ rating scale were the predictors. Chi-square tests were used to evaluate the global significance of the HPQ rating scale in these analyses. Received Operator Characteristic (ROC) curves were used to judge the strength of association between the HPQ ratings and either the archival measures or the ESM measures. Areas under the ROC curves and their 95% confidence intervals were calculated by the nonparametric method. 49 
Analysis methods: absenteeism
Analysis of HPQ absenteeism reports was carried out in two ways. First, linear correlations were calculated between HPQ self-reports and employer payroll records of absenteeism in the samples of reservation agents and railroad engineers. In the case of the reservation agents, this was done for hours worked and hours missed. In the case of the railroad engineers, it was done for days missed. Both one-week and four-week recall periods were examined. We also compared means for all these outcomes in the HPQ selfreports and the employer payroll records. Second, logistic regression analysis was used in the ESM person-time samples of reservation agents and customer service representatives to make an indirect evaluation of the HPQ self-reports about absenteeism. The dependent variable was a dichotomy for whether the respondent was at work on not at each random moment-in-time, while the predictors were the HPQ selfreports of hours worked during the ESM week and days missed during the week obtained in the post-ESM debriefing interview. The equations were estimated using a two-level random-effects model that included both person-level controls (age, sex), and within-person controls (number of days in the ESM study as of the time of the beep, sequence of the beep within the day) in order to improve the precision of estimates.
Results
The Distribution of the Global HPQ Work Performance Ratings
The distributions of the HPQ 0-to-10 global work performance ratings across the five different samples used in the calibration analysis as well as in the full customer service representative sample are presented in Table 4 . Three patterns are noteworthy. First, the lower end of the scale is truncated at 0 -7 because only a small minority of respondents rated themselves less than 7 in any of the samples. This truncation improves the precision of the calibration procedures described below. 50 Second, there is a clear tendency for the majority of respondents to rate themselves in the high-but-notperfect range 8, 9 much more so than at the very top of the range. 10 Between 61.7% (railroad engineers) and 80.0% (executives) of respondents across samples rated themselves 8 to 9 compared to between 11.9% (executives) and 25.9% (railroad engineers) who rated themselves 10. The distribution of the full reservation agent sample is included in the table even though we have no archival performance measures for that sample in order to present a comparison with the distribution in the ESM subsample of reservation agents. The latter purposefully oversampled respondents from the full sample who had low ratings in order to increase statistical power in that part of the distribution. This was done based on evidence from the reservation agent sample, which was the first group we surveyed, that low objective work performance is concentrated among respondents with ratings in the 0 -7 range on the scale. Third, the distribution in the reservation agent sample is not dramatically different from the distributions in other samples despite the fact that the supervisor ratings of work performance in the reservation agent sample are much more truncated than the other archival measures. This lack of difference in Table 4 is consistent with the suggestion mentioned earlier in the article that reservation agent supervisor ratings might be truncated due to rater bias.
The Associations of HPQ Ratings with Archival and ESM Performance Measures
The results of logistic regression analyses linking HPQ ratings with the five outcome measures of low work performance are presented in Table 5 . Logistic regression coefficients have been exponentiated and are reported in the table in the form of odds-ratios (ORs). There is a consistently monotonic and statistically significant relationship between HPQ ratings and the odds of low archival/ESM work performance in all five equations. It is important to note that this association is not caused exclusively by the difference between respondents with HPQ ratings of 0 to 9 versus 10, although that distinction is important in predicting low performance in all five equations. The association is also partly due to the fact that respondents with HPQ ratings of 0 to 7 have higher odds of low performance than those with ratings of 8 and that respondents with ratings of 8 (with the exception of customer service representatives) have higher odds of low performance than those with ratings of 9.
The outcome with the widest range of odds between workers with high and low HPQ ratings (12.3:1) is the measure of railroad engineer performance action. The prediction equation for this outcome could only be estimated if we constrained the odds to be the same among respondents with HPQ ratings in the range 8 to 10 as a result of the fact that this is a rare outcome that is largely confined to engineers who rate themselves at the low end of the HPQ scale. The outcome with the narrowest range of odds, in comparison, is reservation agent performance (3.2: 1). As noted above in the description of the archival measures, this measure has the narrowest range of ratings as well (79 to 100 on the 0 to 100 scale). It is conceivable that this restricted range introduced imprecision into the definition of low performance, resulting in a dampening of the OR associated with low HPQ ratings for this outcome. The ORs associated with HPQ ratings of 8 across the remaining outcomes are all lower than those associated with ratings of 0 to 7. The ORs associated with HPQ ratings of 9 for these equations are generally lower than those associated with ratings of 8. The ROC curves for the strength of the HPQ ratings in predicting the archival and ESM outcomes are shown in Fig. 1 . Areas under the ROC curve, which can be interpreted as the proportion of times randomly selected workers with low work performance could be distinguished from other workers based on differential HPQ ratings, range between 0.63 and 0.69 across the samples.
The results of logistic regression analyses linking HPQ ratings with the four archival or ESM measures of high work performance are presented in Table 6 . There is a statistically significant relationship between HPQ ratings and the odds of high archival or ESM work performance in the equations for reservation agents and customer service representatives, but not in the one equation for executives. The equations in which the outcomes are the ESM scores show consistent monotonicity of odds. The equation in which the reservation agent supervisor ratings are the outcome, in comparison, shows a significant distinction between 0 -7 and 8 to 10 ( 2 1 ϭ 6.4, P ϭ 0.015), but no meaningful variation in odds among respondents with HPQ ratings of 8, 9, or 10 ( 2 2 ϭ 2.5, P ϭ 0.701). This restricted range of ORs in predicting reservation agent supervisor ratings among respondents with HPQ ratings in the range 8 to 10 is similar to the pattern seen in Table 5 . The ROC curves for the strength of the HPQ ratings scale in the three statistically significant equations are shown in Fig. 2 . Areas under the ROC curve range between 0.59 and 0.72 across the samples.
We also evaluated the effects of the component questions about work performance that were administered in the survey before the global 0-to-10 work performance rating. As noted earlier in the report, these included questions about quantity of work, quality of work, interpersonal aspects of work, work successes and failures, and work-related accidentsinjuries. Factor analysis showed that these measures, like other recently developed multi-item inventories of self-reported work performance, 34 form meaningful factors with good internal consistency reliabilities.
We found that these factors are significantly related to the archival and ESM work performance measures when considered one at a time. However, multivariate analyses showed that they were generally not significant predictors of archival or ESM measures of work performance in a prediction equation that controlled the effects of the global 0-to-10 work performance rating. This means that the global rating out-performances the factor scales and, with one exception noted in the next paragraph, captures the effects of these scales. Why? The most likely reason is that the factor scales tap generic aspects of work that might vary in their importance for overall work performance across occupations and that doubtlessly fail to tap all relevant aspects of work for an assessment of performance on these jobs. The 0-to-10 self-rating, in comparison, asks the respondent, implicitly to use their knowledge of the relevant considerations in evaluating work performance to arrive at a global self-rating based on an assess- ment of all these considerations. Apparently workers are able to do a better job of this than we were able to do in developing our factor scales. The only exception to this general statement was in the case of railroad engineers, where the component question about work failure was a significant predictor of the archival outcome measure. This was presumably the case because both the predictor and the archival outcome measure were highly skewed dichotomies and the archival measure was heavily influenced by the discovery of major performance errors that are presumably tapped more directly in the dichotomous question about failure than in the 0-to-10 rating.
The Associations of HPQ Absenteeism Reports with Payroll Records
Linear correlations and comparisons of means between HPQ selfreports about absenteeism and employer payroll records are reported in Table 7 . In the case of reservation agents, the comparisons are for hours worked and hours missed over both one-week and four-week recall periods. These correlations are substantial in magnitude and higher for oneweek (0.81-0.87) than 4-week (0.71-079) recall. Self-reports consistently overestimate hours worked and underestimate hours missed. Although these biases are fairly modest in absolute terms (1.5 to 3 hours per week), they represent rather substantial proportional underestimations of hours missed (19 -44%). In the case of the railroad engineers, the comparisons are for days missed. These correlations are also substantial in magnitude (0.61-0.66), although somewhat smaller than the correlations for reservation agents. As with reservation agents, engineers underestimate absence by 0.3 to 0.4 days per week, which represent 21 to 26% underestimations of absence compared to payroll records. Unlike reservation agents, though, 4-week recall is as accurate as 1-week recall for railroad engineers.
It is interesting to note that fourweek estimates of absence are more than four times as large as 1-week estimates both for reservation agents and for railroad engineers. Similarly, 4-week estimates of hours worked are less than four times 1-week estimates. This is not caused by recall bias, as proven by the fact that the same patterns exist in employer payroll records. The reason is that respondents were allowed to postpone the start date of their ESM data collection if it was inconvenient for them to begin on the date selected by the research team. Debriefing showed that these postponements were often because of short-term illness. This means that the ESM weeks are downwardly biased in estimating the prevalence of absenteeism. The fact that this shows up not only in the means of the payroll record data but also in the means of the self-reports is an additional indirect indicator of the accuracy of the self-report data.
The results of logistic regression analyses of moment-in-time data on being at work versus not at work in the ESM person-time samples are reported in Table 8 . The dependent variable is a dichotomy for whether the respondent was at work on not at the random moment-in-time, whereas the predictors are standardized HPQ self-reports obtained in the post-ESM debriefing interview of hours worked during the ESM week and days missed during the week. The results are consistent in the separate samples of reservation agents and customer service representatives in showing statistically significant associations between HPQ self-reports and the moment-in-time ESM data. A one standard deviation increase in the HPQ self-reported measure of hours worked during the ESM week is associated with a doubling of the relativeodds that a respondent will be at work during any randomly selected moment-in-time during that week. A one standard deviation increase in the HPQ self-report measure of hours worked during the ESM week, in comparison, is associated with a halving of the relative-odds of being at work during any randomly selected moment-intime during that week.
Discussion
The results reported here document that the HPQ generates meaningful measures of work performance and absenteeism. The only negative result is the failure of the HPQ to predict high work performance among automobile executives. As these executives are the only white-collar workers in the sample, this failure might reflect a general weakness of the HPQ in predicting high performance among white-collar workers. Replication of the calibration study in other white-collar occupations is needed to evaluate this interpretation. Before that time, though, the HPQ should be seen as useful for white-collar workers largely in assessing low performance rather than high performance.
This usefulness of the HPQ in evaluating work performance is as a global measure, as no component measures are included in the scale. The HPQ can be used to assess the overall effects of allergies, migraine, and other illnesses on overall work performance in an entire workforce and, comparatively, across different types of occupations. It cannot tell us, though, what aspects of performance are affected by these illnesses (eg, motor skills, concentration etc.). As noted in the introduction, the decision to focus on global performance rather than on components is based on our interest to monetize the workplace costs of illness and the cost savings of health care interventions. The estimation of these monetary effects is much more easily achieved by assessing global work performance rather than selected components of performance. Monetizing component effects requires the researcher to determine the importance for overall work performance of, say, a decrement in ability to concentrate to a ditch digger or of a decrement in ability to lift heavy objects to a lawyer. We decided that these evaluations were better left to the worker-respondents themselves in arriving at global assessments of their overall work performance. Monetizing component effects also requires the researcher to assume that the components measured fully capture all relevant aspects of work that go into the creation of work performance. Given the enormous variety of work functions known to exist in the labor force, we were unwilling to make this assumption, preferring to allow respondents themselves to consider all functions that they consider relevant to the specific requirements of their jobs in making global evaluations of their performance.
Sensitivity of the HPQ Measures
In light of the fact that the HPQ work performance measure is relatively coarse, a question can be raised whether it is sensitive enough to detect effects of illnesses on work performance and of health interventions with moderate effects on the reduction in impaired work performance. It goes beyond the scope of the present report to present substantive results. However, in light of this important concern it is worth noting that substantive analyses of the data presented here, which will be reported in separate publications, show that the HPQ measure of work performance is sensitive to a variety of illnesses as well as to standard disorder-specific measures of illness severity within subsamples of respondents who suffer from specific disorders. There are also statistically and substantively significant associations of HPQ work absence and accident-injury measures with information collected in the surveys about the prevalences and severities of disorders. 1 Results are based on a two-level (person and 35 random moments of time within persons) mixed regression model that controlled both for within-person variables (number of days in the study at the time of the beep, ranging between 1-7; sequence of the beep within the day, ranging between 1-5) and for between-person variables (age, sex). Hours worked and days missed were included in separate models and were treated as between-person variables. 2 The work measures were standardized to a mean of zero and variance of one.
3 n p ϭ number of people; n b ϭ number of beeps.
Calibrating HPQ Global Ratings
Calibration rules were developed to convert ratings on the 0-to-10 HPQ global rating scale into predicted probabilities of high and low archival and ESM work performance using the results reported above. This was done bearing in mind that the predicted probabilities of high performance should not be evaluated for white-collar workers. These calibration rules were based on methods developed to promote the use of diagnostic screening scales in clinical decision-making. 51 These methods allow scores on screening scales like the HPQ to be interpreted in new samples by using the results of prediction equations developed in calibration samples to assign probability-of-illness scores (or, in the present case, probabilities of high and low work performance) to individual cases in the new samples.
The difficulty in developing these rules is that we cannot assume that the probabilities of high and low performance associated with a given HPQ score in the calibration sample (positive and negative predictive values) will be the same in new samples. This is true, importantly, even if the conditional distributions of HPQ ratings among people with true high and low performance (sensitivity and specificity) are constant across samples, because any deviation in the proportions of workers in the new samples with actual high and low performance from the 20% arbitrarily assumed in the HPQ calibration samples will lead to changes in the positive and negative predictive values at a given level of the HPQ rating. 52 As a result, it is not appropriate to specify a single threshold for the outcomes of interest (in this case, high and low work performance) for all populations based on given HPQ ratings.
This problem can be addressed in three ways, all of which are implemented in software developed for use with HPQ survey data. All three approaches rely on the method of stratum-specific likelihood-ratios (SSLRs). An SSLR is an odds-ratio that compares respondents with a specific score on a screening scale (in the case of the HPQ global rating, a rating of either 0 -7,8,9, or 10) with those having all other ratings on the scale in terms of their odds of having a dichotomous outcome (in the case of the HPQ calibration, either low performance versus others or high performance versus others). 51 The assumption that the sensitivities and specificities of the relationship between HPQ ratings and true performance categorization are the same in new samples as in the calibration samples is equivalent to the assumption that SSLR's are constant across samples. Based on this assumption, the SSLRs estimated in the calibration samples can be used in conjunction with information about the true prevalence (converted to an odds) of the dichotomous outcome in the new sample to calculate individual-level predicted probabilities of the dichotomous outcome. This can be done by showing, based on Bayes' theorem, that
where POO ϭ the population odds of the dichotomous outcome and ROO ϭ the individual respondent's odds of the outcome. The individual's probability of the dichotomous outcome, p, can easily be derived from ROO by using the transformation
There are three ways to use the results in Eqs. (1) and (2) to assign individual-level predicted probabilities of high and low work performance based on individual HPQ ratings. As noted above, all three are implemented in the software developed for use in HPQ surveys.
The first way to assign individuallevel probabilities is to fix the aggregate prevalences of high and low work performance to 20% in new samples a priori in exactly the same way as in the calibration samples.
High and low performance, in this approach, are arbitrarily defined fixed percentiles. The second way is to allow the estimated prevalences of high and low work performance to be fixed at different values based on external information and institutional knowledge. For example, managers in a particular corporation might conclude that the prevalences of high and low work performance, respectively, are 30 and 10% among their white-collar workers, 20 and 20% among their pink-collar workers, and 10 and 30% among their blue-collar workers. These assumptions can be used to convert HPQ global ratings into individual-level predicted probabilities of high and low performance separately in each occupational sub-sample by using the transformation in Eqs. (1) and (2) . The third way to assign individuallevel probabilities is to estimate the prevalences of high and low work performance empirically from the distribution of HPQ ratings in the new sample. This can be done by using maximum-likelihood to compare empirical distributions on this scale with the theoretical distributions generated by the sensitivities and specificities in the calibration sample applied to all logically possible combinations of high and low work performance. The maximumlikelihood estimates of the prevalences of high and low performance based on this approach are those associated with the theoretical distribution of HPQ global ratings most similar to the empirical distribution in the sample. Once these prevalence estimates are identified, they can be converted to odds and used in Eq. (2) to generate individual-level probabilities from individual-level HPQ ratings.
Monetizing Absenteeism and Work Performance Ratings
It is important to remember that absenteeism and low work performance have quite different costs across occupations and industries.
These differences are not necessarily proportional to salaries. The unscheduled absence of an airline reservation agent, for example, might lead to customers spending somewhat more time waiting before they speak to an agent and to agents on duty having a somewhat more hectic day than usual. But the costs of these inconveniences to the employer are probably minimal unless the delays are so long and persistent that customers go to a different airline to purchase their tickets. The unscheduled absence of an airline stewardess, in comparison, can cause a flight departure delay, due to FAA staffing requirements for number of personnel needed for a flight to depart, that costs the airline at much as $5000 per hour in additional gate fees. Similarly, the low performance of a salesman, if it leads to the loss of a major contract, can cost a corporation millions of dollars even though the salesman's salary is only a fraction of that amount. Because of situations such as these, even when we have good estimates of absenteeism and work performance, an additional step is required to estimate the monetary costs of poor performance and absenteeism to the employer. A number of approaches have been proposed to make these estimates, 6 several of which have been implemented in software developed for use in analyzing HPQ surveys. Although it is beyond the scope of this report to discuss these approaches here, it is important to note that this additional step is needed to monetize the HPQ results.
Future Directions
Nationally representative general population HPQ surveys are currently being performed in 28 countries around the world as part of a larger WHO initiative aimed at estimating the societal costs of mental and physical illness. 53 We anticipate that over 200,000 respondents will complete these HPQ surveys once they are finished. In addition, both paper-pencil and internet versions of the HPQ have been developed and are being used to carry out ongoing annual surveys of the employees of a number of large corporations in the U.S., either as part of existing Health Risk Appraisal surveys or as standalone surveys. A number of these surveys are being carried out in collaboration with the National Business Coalition on Health. We will soon be distributing an HPQ survey toolkit to all members of the National Business Coalition on Health throughout the United States. A number of other collaborations are also in development in the United States, Canada, and Europe.
The dissemination of HPQ surveys is the first step in a larger program of research aimed at pinpointing health problems that are associated with high indirect workplace costs, developing and evaluating interventions to reduce these costs, and establishing quality assurance procedures to monitor the success of efforts to disseminate and maintain these interventions. In order to implement this program of research, it is necessary to begin by linking HPQ absenteeism, work performance, and workrelated accident-injury reports to information about specific health problems. This is done in the HPQ surveys by asking respondents if they suffer from a number of common chronic conditions and, if so, whether they are currently under professional treatment for these conditions. The chronic conditions checklist in the HPQ interview schedule is based on the checklist used in the U.S. National Health Interview Survey (NHIS). Data from the NHIS and a number of other nationally representative general population surveys were analyzed to select the conditions in the HPQ checklist. The criteria for selection were that the conditions are commonly occurring among working people and are associated either with excess work absence, low work performance, or elevated rates of work-related accidents-injuries. 54 -56 We also included in the HPQ surveys an acute symptoms checklist developed by Khroenke et al 57 to capture the most common complaints of acute-care patients in primary care treatment.
It is noteworthy that the HPQ survey distinguishes between health problems that are being treated and those that are not being treated. This distinction is important because most common health problems that influence workplace functioning vary widely in severity. Some people with seasonal allergies, for example, have very mild symptoms while other seasonal allergy sufferers have very severe symptoms. People with severe symptoms are more likely to be in treatment than those with mild symptoms. This makes it is impossible to determine whether low rates of treatment should be considered a problem from the perspective of employers in the absence of separate analyses to determine whether untreated cases are associated with impairments in work performance. This is performed in standardized analyses of HPQ data by distinguishing the separate effects of treated conditions and untreated conditions on workplace outcomes. A single yes or no question about treatment of each health problem is included in the HPQ for this purpose. More extensive questions were considered for inclusion in the surveys, but subsequently rejected based on the realization that detailed information about the treatment of specific health problems could be obtained by employers from health claims records. The HPQ treatment question asks about "professional" treatment, defined as treatment by a doctor, nurse, or other health professional, to exclude self-treatment and complementary and alternative medical treatment not provided by a health professional. These exclusions are important in light of the growing importance of self-treatment and complementary and alternative medical treatment. 5, 58 The fact that treatment is strongly influenced by illness severity means that cross-sectional HPQ surveys cannot be used to help employers estimate the likely return on their investment (ROI) because of expanding treatment for a particular condition. Experimental or quasiexperimental studies are required to make such estimates. Cross-sectional HPQ surveys are better suited to address the prior questions: 1) Which of the health problems assessed in the HPQ survey have the greatest indirect costs in my workforce? 2) Are these costs associated with low rates of treatment (ie, high workplace costs among untreated workers with the conditions), inadequate treatment (ie, high workplace costs among treated workers with the conditions), or both? 3) How do the indirect workplace costs of target illnesses in my workforce compare with those in other benchmark populations?
Answers to these questions can help employers pinpoint health problems that have particularly high indirect workplace costs. Systematic reviews of the treatment effectiveness literature can then be used to evaluate the likelihood that enhanced outreach and/or treatment efforts aimed at these conditions would yield a large enough reduction in workplace costs to have a positive return on investment. Ongoing HPQ monitoring surveys can then be used to calculate ROI of new interventions based on such considerations. This can be done in a single corporation with a universal intervention using a before-after interrupted time series design or a quasi-experimental casecontrol design that compares changes in the HPQ ratings among workers with the target conditions in corporation that do, versus do not, implement the intervention. In a corporation that has multiple sites and that can assign new treatment programs to a subset of these sites, a more powerful before-after case versus control test market design can be used to evaluate the ROI of the intervention.
A large experimental treatment effectiveness trial is currently underway in conjunction with ongoing HPQ surveys that illustrates some of these ideas about the evaluation of treatment interventions. This trial is evaluating the effects of detecting and treating working people with major depression. 11, 21, 59 The intervention features outreach and bestpractices treatment provided by United Behavioral Health (UBH), one of the largest behavioral health carve-out companies in the country. Baseline HPQ surveys are being used to screen for major depression among workers with UBH coverage in a number of large corporations. UBH care managers are implementing an outreach and treatment program to a random sub-sample of these workers using an intent-to-treat experimental design. Expanded follow-up HPQ surveys are being used to evaluate the return on investment (ROI) of the intervention over a 2-year follow-up period. Our hope is that this experiment will serve as a model for future interventions and evaluations using the HPQ.
